The novel endophytic actinomycete strain PA1-07 T was isolated from the stem of Phyllanthus amarus. The strain displayed the consistent characteristics of members of the genus Streptomyces. The strain produced short spiral spore chains on aerial mycelia. It grew at pH 5-9, at 40 C and with a maximum of 5 % (w/v) NaCl. It contained LL-diaminopimelic acid, glucose and ribose in the whole-cell hydrolysate. The major cellular menaquinones were MK-9(H 4 ), MK-9 (H 6 ) and MK-9(H 8 ), while the major cellular fatty acids were C 16 : 0 , iso-C 14 : 0 , iso-C 16 : 0 and anteiso-C 15 : 0 . The polar lipids were composed of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol mannoside and four unknown lipids. The DNA G+C content of the strain was 71 mol%. The strain showed the highest 16S rRNA gene sequence similarity with Streptomyces curacoi JCM 4219 T (98.77 %). The DNA-DNA relatedness values between strain PA1-07 T and S. curacoi JCM 4219 T were lower than 70 %, the cut-off level for assigning strains to the same species. On the basis of these phenotypic and genotypic characteristics, the strain could be distinguished from closely related species of the genus Streptomyces and thus represents a novel species of the genus Streptomyces, for which the name Streptomyces phyllanthi sp. nov. is proposed. The type strain is PA1-07 T (=JCM   30865  T =KCTC 39785   T   =TISTR 2346   T ).
The genus Streptomyces, first proposed by Waksman & Henrici (1943) , are Gram-positive, non-acid-fast bacteria that form extensively branched substrate and aerial mycelia. Species of the genus Streptomyces are classified based on their 16S rRNA gene sequence similarity and chemotaxonomic characteristics, especially the presence of LL-diaminopimelic acid and no diagnostic sugar in wholecell hydrolysates. Streptomyces strains are widely distributed in various environments, including soil, freshwater and marine environments (K€ ampfer, 2012) . At the time of writing, more than 556 species of the genus Streptomyces, and 7630 Streptomyces bioactive secondary metabolites have been described (Parte, 2015; B erdy, 2005) . Recently, novel species of the genus Streptomyces isolated from plants have been reported, such as Streptomyces alni from a root of Alnus nepalensis (Liu et al., 2009) , Streptomyces sedi from surface-sterilized tissue of Sedum sp. (Li et al., 2009) , Streptomyces endophyticus from the roots of Artemisia annua L. (Li et al., 2013) , Streptomyces zhaozhouensis from Aloe arborescens Mill. (He et al., 2014) and Streptomyces polygonati from the root of Polygonatum odoratum (Mill.) (Guo et al., 2016) . During our investigation on the diversity of Streptomyces strains in plants, strain PA1-07 T was isolated. In this study we describe the taxonomic position of strain PA1-07 T based on a polyphasic approach.
Strain PA1-07
T was isolated from the stem of Phyllanthus amarus, which was collected from the botanical garden of the Faculty of Pharmaceutical Sciences, Chulalongkorn University, Thailand. The isolation method was performed as previously described (Klykleung et al., 2015) . The pure culture was maintained on yeast extract-malt extract medium (ISP2; Shirling & Gottlieb, 1966) at 30 C and the spore suspension was preserved in 20 % (v/v) glycerol solution at À20 C. Cultural characteristics of the strain were observed on various International Streptomyces Project media (Shirling & Gottlieb, 1966) . The colour of the aerial mass, substrate mycelia and soluble pigment was determined using the NBS/ISCC colour chart (Mundie, 1995) after the culture had been grown at 30 C for 14 days. Spore morphology was observed using a light microscope and a scanning electron microscope (JSM-5401LV; JEOL) on the culture grown on ISP2 agar at 30 C for 14 days. Several phenotypic characteristics, including starch hydrolysis, gelatin liquefaction, skimmed milk peptonization and nitrate reduction, were determined by standard methods (Arai, 1975; Williams & Cross, 1971) . Utilization of carbon sources was determined as previously described (Shirling & Gottlieb, 1966) . Enzyme activities were determined using an API ZYM kit (bioM erieux) incubated at 37 C for 4 h. The temperature and pH ranges for growth, and NaCl tolerance were determined using ISP2 medium. All phenotypic characteristics were determined on cultures grown at 30 C for 14 days.
Freeze-dried cells for chemotaxonomic studies were obtained from a culture grown in yeast extract-glucose broth on a rotary shaker (150 r.p.m.) at 30 C for 5 days. The isomers of diaminopimelic acid were determined using thin-layer chromatography (TLC) as reported (Staneck & Roberts, 1974) , while whole-cell sugars were analysed using HPLC as described (Mikami & Ishida, 1983) . Menaquinones were extracted according to the method of Collins et al. (1977) and analysed by HPLC. Cellular fatty acids were prepared and analysed using gas chromatography (GC) according to the protocol of the MIDI Sherlock Microbial Identification System (Sasser, 1990) . Polar lipids were extracted and determined using two-dimensional TLC (Minnikin et al., 1984) . The presence of mycolic acids was determined using TLC as previously described (Tomiyasu, 1982) . Genomic DNA was obtained from freeze-dried cells as reported (Raeder & Broda, 1985) . The DNA G+C content was determined using HPLC according to the method of Tamaoka & Komagata (1984) . DNA-DNA hybridization was evaluated using the previously described fluorometric method (Ezaki et al., 1989) .
Amplification of the 16S rRNA gene was performed by PCR as previously described (Yamada et al., 2000) . The PCR product was purified using a PCR cleanup kit (Geneaid) and was commercially sequenced (Macrogen) using universal primers (Lane, 1991) . BLASTN analysis was performed using the EzTaxon-e server (Kim et al., 2012) . The sequence was aligned against the 40 type strains with the highest 16S rRNA gene sequence similarity (obtained from the GenBank/EMBL/DDBJ database) using the BioEdit software (Hall, 1999) . Neighbour-joining (NJ; Saitou & Nei, 1987) , maximum-parsimony (MP; Fitch, 1971) and maximumlikelihood (ML; Felsenstein, 1981) phylogenetic trees were reconstructed using the MEGA version 6.0 software (Tamura et al., 2013) . Topologies of the resultant trees were evaluated using the bootstrap resampling method with 1,000 replications (Felsenstein, 1985) .
T produced a short and compact spiral spore chain on aerial mycelia. Each spore was oval-shaped with a rugose surface (Fig. 1) . It grew well on all ISP media, including nutrient agar. A white aerial mass was poorly observed on ISP2 and ISP4 media and was absent on ISP3, ISP5, ISP6, ISP7 and nutrient agar. The substrate mycelia were light yellow-green to moderate greenish-yellow (Table S1 , available in the online Supplementary Material), but the pigment was not observed on all tested media. Strain PA1-07
T grew well at 28-30 C but no growth was observed at >40 C. The pH range for growth was pH 5 -9, and the maximum NaCl tolerance was 5 % (w/v).
T was differentiated from Streptomyces curacoi JCM 4219
T based on gelatin liquefaction, skimmed milk peptonization, nitrate reduction, utilization of myo-inositol, raffinose, ribose, salicin and sucrose, and the enzyme activities of a-chymotrypsin, esterase (C4) and b-glucosidase (Table 1) . LL-Diaminopimelic acid was detected in the whole-cell hydrolysate along with whole-cell sugars of ribose and glucose. Major polar lipids were diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylinositol mannoside (PIM) and four unknown lipids (Fig. S1 ). The N-acyl type of muramic acid was acetyl. Mycolic acids were absent. The major cellular fatty acids were C 16 : 0 (16.7 %), iso-C 14 : 0 (12.4 %), iso-C 16 : 0 (14.4 %) and anteiso-C 15 : 0 (11.0 %). Strain PA1-07 T and S. curacoi JCM 4219 T (=NRRL B-2901 T ) showed a similar cellular fatty acid profile but the proportion of some components were different (Table 2) . Strain PA1-07 contained MK-9(H 4 ) (16 %), MK-9(H 6 ) (31 %) and MK-9 (H 8 ) (53 %) as major menaquinones. The DNA G+C content of the strain was 71 mol%.
An almost-complete 16S rRNA gene sequence (1462 nt) of strain PA1-07 T was determined and then compared with the corresponding sequences of members of the genus Streptomyces. This strain showed the highest 16S rRNA gene sequence similarity with S. curacoi JCM 4219 T (98.77 %), while other species of the genus Streptomyces showed lower similarity values of <98.62 %. The NJ tree analysis revealed that the strain clustered with S. longisporus NRRL-ISP 5166 T , S. flavidovirens NBRC 13039 T and S. coacervatus AS-0823 T (Fig. 2) . Although this node was not supported by a high bootstrap value, it was recovered in the MP and ML analyses (data not shown). Strain PA1-07 T showed 16S rRNA gene sequence similarities to S. coacervatus AS-0823 T , S. longisporus NRRL-ISP 5166 T and S. flavidovirens NBRC 13039 T at 98.43 %, 98.32 % and 97.66 %, respectively, which are lower than the recommended value (98.7 %) for determining the DNA-DNA relatedness between species (Stackebrandt & Ebers, 2006) . Thus, strain PA1-07 T was only compared with S. curacoi JCM 4219
T for phenotypic characteristics and DNA-DNA relatedness.
According to the morphology of spore chains and chemotaxonomic characteristics, strain PA1-07 T displayed the consistent characteristics of members of the genus Streptomyces (K€ ampfer, 2012). This was supported by the sequence and phylogenetic analyses based on the 16S rRNA gene. Therefore, strain PA1-07
T was classified as a member of the genus Streptomyces (Fig. 2) . As previously discussed by Stackebrandt & Ebers (2006) , a 16S rRNA gene sequence similarity above 98.7-99.0 % should be mandatory for testing the genomic uniqueness of a novel isolate, and a 98.65 % sequence identity (for the16S rRNA gene) has been proposed as the threshold for differentiating two species (Kim et al., 2014) . In this study, strain PA1-07 T and S. curacoi JCM 4219 T exhibited reciprocally low DNA-DNA relatedness (36.2-53.6 %) to each other. The DNA-DNA relatedness of strain PA1-07 T with its closest phylogenetic neighbours was well-below the 70 % cut-off point recommended for the assignment of strains to the same genomic species (Wayne et al., 1987) . Thus, strain PA1-07 T represents a novel species of the genus Streptomyces. Moreover, strain PA1-07 T could be distinguished from S. curacoi JCM 4219
T based on phenotypic characteristics, and in particular nitrate reduction, skimmed milk peptonization, gelatin liquefaction, utilization of myo-inositol, raffinose, ribose, salicin and sucrose, and the enzyme activities of the API ZYM system (Table 1) T and members of the genus Streptomyces. Asterisk (*) and number sign (#) indicate branches that were also recovered in the ML and MP analyses, respectively. Numbers at branch nodes indicate bootstrap percentages derived from 1,000 replications; only values >50 % are shown. Bar, 0.005 substitutions per nucleotide position.
